eripheral limb ischaemia is rare in children. We have treated only 12 infants and children with this condition in the past 15 years at the Royal Hospital for Sick Children in Glasgow.
Gangrene of the limbs is rare in children. In neonates, ischaemia of a limb leading to gangrene has been observed in association with birth asphyxia, Rhesus disease, respiratory distress, severe congenital anomalies and maternal diabetes (Urbaniak, O'Neil and Meyer 1973; Hoffmann et al 1974; Hessinger 1975; Rose and Cousino 1977; Nikolaou-Papanajotou et al 1983; Rayner, Lloyd and Ward 1984) . It may also be caused by invasive vascular access (Stringel et al 1985) . In older children, when it is not of traumatic origin, it is often associated with systemic infections and the syndrome of purpura fulminans may develop (Urbaniak et al 1973; Canale and Ikard 1984; Watson and Ashworth 1983; Jacobsen and Crawford 1984; Grogan et al 1989; Nogi 1989; Cohen et al 1990; Landham, Datta and Nirula 1991; Wyssa, LeCoultre and Kaelin 1992) . Although severe ischaemia may necessitate amputation, a less severe insult may cause disturbance of growth.
PATIENTS AND RESULTS
Between 1977 and 1992 in the Royal Hospital for Sick Children, Glasgow we treated 12 children with limb ischaemia, with or without gangrene. Nine were neonates and three were older aged between 18 months and 5 years (Table I) .
In the neonatal group the legs were most severely involved (Fig. 1) . Two children required bilateral above- knee or below-knee amputation (Fig. 2) and one had amputations of toes. One had separation of gangrenous areas with subsequent healing and another no tissue loss. The three who did not have major amputations have subsequently developed growth disturbance, and two of them have required surgery (Fig. 3) .
The condition was less severe in the four with involvement of the upper limb. One child had skin loss requiring grafting after an injection of sodium bicarbonate during resuscitation. Two had been born with an apparent ischaemic problem in the arm, one with blistering and the other with frank skin necrosis; both had primary healing but later developed limb shortening and deformity. The last child, born to a diabetic mother, developed an acutely ischaemic arm one hour after birth. With conservative treatment the ischaemia reversed and there was no subsequent limb deformity.
The three older children whom we reviewed had suffered loss of parts of limbs and all had been systemically unwell with septicaemia. In this group, no growth disturbances have been seen to date.
When amputations were performed the stumps were left open for several days before secondary closure. In those who had had major amputations ongoing review was at a limb-fitting centre. In those with less severe damage orthopaedic follow-up has been continued except for two who have moved away. Operation has been undertaken for fixed deformity. One child had two tibial osteotomies (Fig. 4) and another had lengthening of the tendo Achillis at the age of six years for persistent equinus deformity. No child with shortening has as yet required limb lengthening. Result after two corrective osteotomies for progressive varus deformity at the knee.
DISCUSSION
Gangrene is rarely seen in children. In neonates the blood lacks clotting factors at birth, but it is hypercoagulable due to fetal fibrinogen and circulating placental thromboplastins. Intravascular coagulation can be initiated by many of the complications of neonatal life such as asphyxia, respiratory distress, infection and Rhesus disease. Occlusion of small vessels occurs and may be the cause of gangrene in such patients.
Many of the neonates had a history of invasive vascular access and in one child (case 8) this was the direct cause of the gangrene. The dangers of umbilical catheters have been studied in a series of 100 neonates who had umbilical catheterisation (Stringel et al 1985) . Thirty-two had blanching of the lower limbs during infusions through the catheters and two developed gangrene. If blanching is observed the infusion must be stopped immediately.
Growth disturbance after purpura fulminans has been well reported (Watson and Ashworth 1983; Jacobsen and Crawford 1984; Grogan et al 1989; Nogi 1989; Wyssa et al 1992) . In this condition circulating immune complexes activate complement on the walls of small vessels leading to intimal damage and thrombosis. If this is widespread, gangrene of a limb can occur.
In a clinical and pathological study by Grogan et al (1989) the cause of growth disturbance was shown to be thrombosis in the cartilage-canal system in the physeal plate, which causes separation of columns of chondrocytes, especially in the germinal zone, leading to arrest of growth. Areas of bone bridging may form a physical block to physeal growth.
In another study of purpura fulminans by Nogi (1989) , bacteria could not be grown from either the bone or the growth plate in three patients in whom multiple sites of growth disturbance occurred. The underlying pathology is ischaemic damage to the physis and not direct infection; similar pathological changes may be the cause of growth disturbance in neonates.
After treatment of the gangrenous limb, shortening reached a maximum in the first few months and then became fixed with a normal rate of growth thereafter. This is a type-3B growth discrepancy as described by Shapiro (1982) . Relatively early physeal closure may also be seen in these children; it may cause late progression of length discrepancy as in type 4 of Shapiro's classification. The primary treatment required for vascular impairment is manipulation of the coagulation system. Thrombectomy or embolectomy alone was unsuccessful in every case in which it was attempted, but none had anticoagulation or thrombolytic treatment. Several studies (Urbaniak et al 1973; Nikolaou-Papanajotou et al 1983; Jacobsen and Crawford 1984; Cohen et al 1990) have shown that administration of heparin can influence progression of the gangrene and the use of postoperative, intra-arterial streptokinase has been recommended when arterial repair is performed (McFadden, Ochsner and Mills 1983) . These studies have also shown the failure of steroids (Urbaniak et al 1973; Canale and Ikard 1984; Jacobsen and Crawford 1984) , vasodilators (Canale and Ikard 1984) and hyperbaric oxygen (Urbaniak et al 1973; Canale and Ikard 1984; Jacobsen and Crawford 1984) .
The management of a gangrenous limb is primarily conservative (Canale and Ikard 1984; Jacobsen and Crawford 1984; Rayner et al 1984; Landham et al 1991) . In our patients no surgery was undertaken until the lines of demarcation had been well established. These were usually more distal than originally expected, thus preserving limb length, and, in one patient (case 10), a joint (Fig. 5) . When digits are involved they should be allowed to auto-amputate.
Two studies have shown that early split skin grafting of gangrenous areas leads to failure of the graft due to the underlying tissue necrosis (Jacobsen and Crawford 1984; Wyssa et al 1992) . We performed grafting after demarcation had occurred and it was successful in our patients.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Case 10. Gangrene of the forearm. Waiting for demarcation allowed a below-elbow amputation rather than the above-elbow amputation which had been anticipated.
